The number of aerobic and anaerobic bacteria was determined in the saliva of 20 children with acute group A -haemolytic streptococcal (GABHS) pharyngo-tonsillitis, and 20 with acute non-GABHS tonsillitis. Antibody titres to four Gram-negative anaerobic bacilli that reside in the oropharynx (Fusobacterium nucleatum, Prevotella intermedia, Porphyromonas gingivalis, and Actinobacillus actinomycetemcomitans) were determined in these and 20 control patients. An average of 8.8 aerobic and anaerobic isolates per patient saliva specimens were found during the acute tonsillitis stage in both groups, and 6.9 (in GABHS tonsillitis) and 5.6 (in non-GABHS tonsillitis) 5-6 weeks later. There were 10-to 1000-fold more bacteria in the acute stages of the inflammation in both GABHS and non-GABHS groups. These bacteria were Staphylococcus aureus, Haemophilus influenzae, Moraxella catarrhalis, Peptostreptococcus spp., F. nucleatum, Prevotella spp. and Porphyromonas spp. Significantly higher antibodies levels to F. nucleatum and P. intermedia were found in the second serum sample of patients with non-GABHS pharyngo-tonsillitis (P < 0.001) and GABHS tonsillitis (P < 0.05), as compared with their first sample or the levels of antibodies in controls. The increase in the number of several aerobic and anaerobic bacteria during acute tonsillitis and the increase in antibody levels to F. nucleatum and P. intermedia, known oral pathogens, may suggest a possible pathogenic role for these organisms in acute non-GABHS and GABHS tonsillitis.
Introduction
Group A -haemolytic streptococcus (GABHS) is one of the major causes of tonsillitis. However, other aerobic and anaerobic organisms can be isolated from the surface and core of normal 1 and inflamed [2] [3] [4] [5] tonsils. The exact role of these organisms is uncertain, and some are believed to be part of the normal oropharyngeal flora. 6 These organisms include Haemophilus influenzae, Staphylococcus aureus, Fusobacterium spp., Porphyromonas spp. and Prevotella spp., some of which can cause local or systemic infections. These organisms were also shown to be synergistic with GABHS and other bacteria in animal models. 7 Anaerobic bacteria predominate in the normal oral flora, outnumbering aerobic bacteria in a ratio of 10:1, 6 and are known to cause acute tonsillar inflammation in the form of Vincent's angina. 8 Anaerobic bacteria have also been isolated from the cores of tonsils of children with recurrent GABHS 2 and non-GABHS 9 tonsillitis and peritonsillar abscesses. 10 Antibodies against Prevotella intermedia were found to be elevated, as compared with controls in patients with non-streptococcal tonsillitis 11 and peritonsillar cellulitis or abscess, 12 suggesting a potential role for this organism in recurrent tonsillitis. However, the role of anaerobic bacteria in acute tonsillitis has not previously been studied.
The potential role of anaerobic bacteria in acute tonsillitis was investigated in this study by measuring the levels of antibodies to four such organisms commonly found in the oral flora. We also studied the impact of GABHS and non-GABHS tonsillitis on the number of these and other organisms in saliva collected from children with acute tonsillitis.
Patients and methods

Patients
Forty children who were seen consecutively in the outpatient clinic participated in the study. Twenty children admitted for an elective surgical procedure, none of which
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and other anaerobes in children with acute tonsillitis I. Brook involved inflammation or infection, served as controls. The criterion for inclusion for cases and controls was the lack of a history of recurrent tonsillitis, gingivitis or periodontitis. None had had any other infectious problems in the previous 4 months. Individuals who had received antimicrobial treatment within the last 2 months were also excluded from the study. The study was approved by the institutional ethics committees, and informed consent was obtained from the children's parents or guardians. The age and sex distribution among patients and controls was similar. The mean age of the patients was 9 years and 7 months (range 5-14 years), and 26 were male; the mean age of controls was 8 years and 2 months (range 5-16 years), and 12 were male. All patients presented with sore throat plus at least one of the following: anterior cervical adenitis, temperature 38.3°C, pharyngeal or tonsillar exudate or pharyngeal injection. A complete physical examination was given to all patients at their first visit and at 10 and 42-49 days later. Only patients from whom two serum samples had been obtained were included in the analysis. One sample was obtained when the patient was first seen, and a second 42-49 days later. Only one serum sample was obtained from controls. Sera were stored frozen at 70°C until analysis.
Serology
Antibody titres were measured by ELISA, performed by a modification of the methods of Ebersole et al. 13 Isolates of the following oral bacteria served as sources of antigens: Actinobacillus actinomycetemcomitans strain Y4 serotype b; and American Type Culture Collection (ATCC) strain 9710 serotype c; P. intermedia ATCC strain 25611; Fusobacterium nucleatum ATCC strain 25586; and Porphyromonas gingivalis strain 381 (obtained from S. S. Socransky, Forsyth Dental Center, Boston, MA). The processing of antigens and the ELISA were performed as previously described.
11 Acute (day 1) and convalescent IgG antibody titres (at days 42-49) for anti-streptolysin O (ASO) and anti-deoxyribonuclease B (anti-DNase B) were determined.
Bacterial culture and identification
Aerobic pharyngo-tonsillar cultures were obtained by a sterile cotton swab system (Culturette; Marion Scientific Corporation, Rockford, IL) placed in modified Stuart's bacterial transport medium. Sheep blood (5%) was inoculated for the isolation of aerobic organisms. The plates were incubated at 37°C in air with 5% CO 2 and examined after 24 and 48 h. GABHS were identified by conventional methods including bacitracin sensitivity and serological grouping. Patients considered to have GABHS tonsillitis were those from whom throat swab cultures yielded at least ten colonies of GABHS on the agar plate. Individuals with throat swab cultures yielding fewer than ten colonies of GABHS were excluded from the study. Those who were considered to have non-GABHS tonsillitis had no GABHS recovered.
Saliva specimens were processed only from children with tonsillitis, and not from controls. At least 5 mL of nonstimulated saliva were expectorated into a sterile tube for microbiological evaluation. The tube was immersed in ice and placed in an anaerobic jar, and it was processed within 1 h of collection. Saliva was diluted in prereduced saline, and was inoculated on to duplicate 5% sheep's blood, chocolate and MacConkey agar plates for the isolation of aerobic and facultative organisms. The plates were incubated at 37°C aerobically (MacConkey agar) or in air with 5% CO 2 and examined after 24 and 48 h. For anaerobes, the diluted saliva was plated on to duplicate prereduced vitamin K 1 -enriched brucella blood agar plates, an anaerobic blood agar plate containing kanamycin and vancomycin, and an anaerobic blood agar plate containing phenylethyl alcohol and was also inoculated into an enriched thioglycolate broth (containing haemin and vitamin K 1 ). The anaerobic plates and thioglycolate broth were incubated at 37°C in GasPak jars (BBL Microbiology Systems, Cockeysville, MD, USA) and examined after 48 and 96 h. Anaerobes were identified by techniques previously described.
14 Aerobic bacteria were identified by conventional methods. -Lactamase activity was determined for all organisms by the chromogenic cephalosporin analogue 87/312 method. 15 
Antibiotic treatment
Patients with GABHS tonsillitis received oral penicillin 20 mg/kg/day for children weighing 50 kg body weight and 15 mg/kg/day for children weighing 50 kg, in three divided doses for 10 days. No antimicrobial therapy was given to the patients with non-GABHS tonsillitis.
Statistical analysis
The median test 16 was used to compare the ELISA data sets. For this purpose the data were transformed to conform to the positive and negative control readings for each batch of 20 data values. The positive control reading was assigned an arbitrary value of 100 units, and the negative control reading the value of zero. Actual data values were then transformed as a straight-line adjustment between these two values. The geometric means and standard errors of the means of these units, and the numbers of organisms per millilitre of saliva were calculated and compared by Student's t-test.
Results
Isolate details
A total of 176 organisms (8.7 per sample) (56 aerobic or facultative and 120 anaerobic) were isolated from the first saliva culture obtained during the acute tonsillitis in the patients with GABHS infection, and 174 organisms (8.7 per sample) (45 aerobic or facultative and 129 anaerobic) were recovered from those with non-GABHS tonsillitis (Table  I) . Fewer organisms were recovered from both groups from the specimens obtained 42-49 days later (Table I) . Mixed flora were isolated in all cases with the number of organisms per saliva specimen ranging from 4 to 11. The aerobic organisms most frequently isolated from both groups were Streptococcus spp. and Staphylococcus aureus. The predominant anaerobic organisms were Prevotella spp., Fusobacterium spp. and anaerobic Gram-positive cocci.
The numbers of the following bacteria per group and their numbers per millilitre of saliva were higher in the acute stages of the inflammation in both GABHS and non-GABHS groups than in saliva specimens taken 6-7 weeks later: S. aureus, H. influenzae, Moraxella catarrhalis, -haemolytic streptococci (in non-GABHS tonsillitis), Peptostreptococcus spp., F. nucleatum, Prevotella spp. and Porphyromonas spp. In the group with GABHS tonsillitis, the pathogen was isolated only in three instances 42-49 days later, and the numbers of these bacteria per millilitre of saliva were about 100 times less than in acute specimens. Some organisms were recovered in lower numbers per millilitre of saliva in the acute infectious stages than in convalescent specimens, including -haemolytic streptococci, Veillonella parvulla, Bifidobacterium adolescentis and Lactobacillus spp.
-Lactamase production was detected in 121 isolates recovered from 63 (79%) saliva specimens (listed in Table  I ). The total number of -lactamase-producing bacteria in patients who received penicillin increased before treatment from 26 to 42 after therapy. However, in those with non-GABHS tonsillitis who did not receive penicillin, this number decreased from 30 to 23 (Table I) .
Serology
The median serum anti-F. nucleatum and anti-P. intermedia antibody levels were significantly higher on days 42-49 as compared with those in controls and in patients on day 1, for patients with non-GABHS pharyngo-tonsillitis (P 0.001) and GABHS pharyngo-tonsillitis (P 0.05) (Table II) . The increases in antibody levels against these organisms were slightly higher in children with non-GABHS tonsillitis than in those in individuals with GABHS tonsillitis. Significant antibody increases against P. gingivalis and A. actinomycetemcomitans were not seen. An increase in the antibody levels against F. nucleatum (at least double the previous levels) was found in 14 (70%) of patients with non-GABHS infection, and in 10 (50%) of those with GABHS infection (Figure 1) . Such an increase was noted in 13 of 15 (87%) patients with non-GABHS tonsillitis who harboured this organism in their saliva, and in nine of 15 (60%) with GABHS tonsillitis who had this organism in their saliva. An increase in antibody levels against P. intermedia was also noted in 16 (80%) of those with non-GABHS infection, and in eight (40%) of those with GABHS infection. Such an increase was noted in 16 of 17 (94%) of those with non-GABHS tonsillitis who had the organisms, and in seven of 14 (50%) of those with GABHS tonsillitis who harboured that bacterium.
A significant ASO and anti-DNase B rise ( 4-fold increase) against GABHS, was present in 11 (55%) of the 20 children with acute GABHS tonsillitis. A concomitant antibody increase (at least double the previous level) was observed in four of these patients for F. nucleatum and in two for P. intermedia. No such increase in antibody levels was noted in patients with non-GABHS tonsillitis.
Discussion
We isolated an average of more than eight different bacteria per saliva sample from patients with acute GABHS and non-GABHS tonsillitis. The numbers of some bacteria (S. aureus, H. influenzae, M. catarrhalis, Peptostreptococcus spp., F. nucleatum, Prevotella spp. and Porphyromonas spp.) was 10-1000 times higher in the saliva during the acute stage of inflammation in both GABHS and non-GABHS groups, as compared with 6-7 weeks later. The recovery of organisms in saliva may not provide an accurate representation of their true number within the tonsillar tissues. However, the organisms we recovered were similar both to those isolated by others in saliva, 17, 18 and those recovered from tonsillar core tissue. 2, 4 Quantitative saliva cultures have been used previously to assess oral Immune response in tonsillitis microbial flora changes 17 and also provide a practical indirect mean of quantitative assessment of microorganisms within the tonsils. This assumes that an increase in the number of organisms in the saliva represents an overflow of their growth within the inflamed oral mucosa including the tonsillar tissues.
The recovery of higher numbers of certain bacteria during the inflammatory stages of tonsillitis suggest their potential pathogenic role in the infection. It is plausible that they may be co-pathogens with GABHS or viruses, acting synergically with these organisms as they do in animal models 7 or acting independently. Furthermore, the ability of many of these organisms to produce -lactamase may protect them and GABHS against penicillin. This phenomenon has been postulated to be one of the causes of penicillin failure in eradicating GABHS tonsillitis. 2 The present study found higher levels of antibodies to F. nucleatum and P. intermedia in children with acute non-GABHS and GABHS pharyngo-tonsillitis. In contrast, no increased antibody titres was found to P. gingivalis, a known cause of adult periodontitis and other dental infection, 19 or to A. actinomycetemcomitans, which is associated with localized juvenile periodontitis. 19, 20 The lack of increased antibody titres to these two bacteria suggests that neither plays a role in acute pharyngo-tonsillitis. These bacteria were not isolated in the saliva and were not found in the cores of normal or inflamed tonsils.
1,2,4 Since we only determined the presence of antibodies against four bacterial species, we cannot exclude a role for other microorganisms present in saliva and tonsillar core tissue. F. nucleatum and P. intermedia are known oral pathogens. They have been associated with adult periodontitis and dental abscesses, 20 but, in contrast to P. gingivalis and A. actinomycetemcomitans, they have also been recovered in several chronic respiratory tract infections and their complications. 21 It is possible that, even in the presence of GABHS infection, F. nucleatum and P. intermedia may contribute to the inflammatory process. As the increases in antibody levels to these bacteria in patients with GABHS infection were not as marked as in non-GABHS, it is possible that this is a less likely event in the latter infections. We did not establish the role of viruses in our patients. It is plausible that viruses had a primary role in the aetiology of some infections. However, a possible secondary role of F. nucleatum and P. intermedia, as well as other bacteria, is plausible even in viral infections.
The potential role of anaerobic bacteria in acute tonsillitis is supported by several observations. Anaerobes have been isolated from tonsillar and retropharyngeal abscesses, in many cases without any aerobic bacteria, 10, [22] [23] [24] from the cores of recurrently inflamed non-GABHS tonsils, 9 as well
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Figure. Levels of serum antibodies to F. nucleatum and P. intermedia in children with GABHS and non-GABHS pharyngo-tonsillitis determined by ELISA.
as in conditions such as Vincent's angina. 8 The recovery rate of encapsulated pigmented Prevotella spp. and Porphyromonas spp. is higher in acutely inflamed tonsils than in normal tonsils. 25 Furthermore, the clinical improvement in response to antibiotics in patients with non-GABHS tonsillitis is well described. [26] [27] [28] [29] It is interesting to note the higher recovery rate of Gram-negative anaerobic bacilli during the acute stages of glandular fever than 2 months later, 30 that is associated with an increase in antibody levels to P. intermedia and F. nucleatum 6-7 weeks later. 31 Elevation of specific antibody levels are an accepted indication of bacterial infection due to several microorganisms, including GABHS. The development of elevated antibody levels to two anaerobic Gram-negative bacilli in patients with acute GABHS and non-GABHS pharyngotonsillitis suggest a potential role of these bacteria in such infections. Further studies are indicated to evaluate whether other aerobic and anaerobic organisms also play a role, and whether antibiotics directed at the eradication of F. nucleatum and P. intermedia as well as other organisms can improve the clinical outcome of serious pharyngotonsillar infections and prevent complications.
